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INTRODUCTION
Protected old-growth forests (terminal stages of 
forest recovery after disturbance) in the boreal 
zone of Russia are represented mainly by spruce 
communities (Kazimirov, 1971; Dyrenkov, 
1984). On the territory of Karelia, Norway spruce 
(Picea abies (L.) Karst., hereafter “spruce”) domi-
nated forests are located, mainly, in the south. 
In the absence of forest disturbance, pine (Pinus 
sylvestris L.), as well as deciduous tree species, 
are replaced by spruce in all middle boreal for-
est habitats except for bogs, drained sands and 
rocks (Gromtsev, 2008; Volkov, 2008). In Kare-
lia, spruce forests occupy an area of 15810 km2, 
representing 39% of the total territory covered 
by forests (Volkov, 2008).
Epiphytic lichens, as a species-rich group in 
boreal forests, play an important role for di-
versity and productivity of forest communities 
(Ellis, 2012). It is known that tree species is 
among the most important drivers of epiphytic 
community composition (Ódor et al., 2013). In 
the boreal zone, high lichen richness is mainly 
related to spruce forests (Pystina, 2003). In 
fact, spruce is the main stand-forming tree 
species and edificator of the forest physical 
environment. Under the spruce forest canopy, 
specific microclimatic conditions are created 
by the transformation of solar radiation, heat 
radiation, evaporation, precipitation capture, as 
well as its influence on turbulance (Protopopov, 
1975). The strong environmental influence of 
spruce mainly relates to its crown features. Its 
dense, low-attached crown with descending 
branches contributes to a varied niche structure 
for epiphytes. Spruce crown has a maximum 
water holding capacity exceeding that of pine, 
cedar and fir (Gorbatenko, 1987). For 60 years 
old spruce, it was established that stemflow on 
trunk began after 2.4–5 mm rainfall and reached 
2.3% on average (Kittredge, 1951). Moistening 
of trunk sites beneath the spruce crowns is also 
affected by precipitation force and volume. In 
the spruce forest, with precipitation up to 15 
mm, the under-crown trunk sites receive from 
4 to 6 times less moisture than within the inter-
crown space. At the same time, in pine forests, 
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the under-crown trunk sites of pine receive only 
1.1–1.3 times less moisture than inter-crown 
spaces (Nikonov & Lukina, 2000). On spruce 
branches, light availability and humidity differ 
compared with the trunk under-crown sites. 
The level of branch position within the crown is 
the key variable determining niche variability 
and, consequently, species composition and 
epiphyte cover on spruce branches (Gorshkov 
et al., 2002). Furthermore, spruce stemflow is 
characterized by its higher acidity (pH ~3.8) as 
compared with the inter-crown space (pH ~5.0) 
(Nikonov et al., 2002). In natural conditions the 
pH of spruce bark is acidic, ranging from 2.8 
to 4.5 (e.g. Barkman, 1958; Kuusinen, 1996a; 
Stepanova et al., 2001).
Lichen diversity on spruce has been intensively 
studied in spruce forests in different regions. 
The maximum number of lichen species (198) 
for spruce was recorded by A. Koskinen (1955) 
in Finland. However, this list included a large 
number of subspecific taxa, and a different 
taxonomic understanding of certain taxa. The 
majority of studies report fewer lichen species 
for spruce, generally ranging from 20 to 90. For 
example, 122 species were recorded for Picea 
abies in Norway (Holien, 1997), 83 in southern 
Finland (Kuusinen & Siitonen, 1998), 53 in Swe-
den (Bäcklund et al., 2016) and 86 in southern 
Estonia (Marmor et al., 2013). In the East of 
European Russia, in Komi Republic, 152 lichen 
species were recorded on Picea spp. (including 
Picea abies and P. obovata) (Pystina, 2003). Fur-
thermore, several ecological studies emphasize 
factors controlling epiphytic lichen diversity and 
distribution on trunks and branches of spruce 
trees (e.g. Hilmo, 1994; Nascimbene et al., 2009, 
2010; Bäcklund et al., 2016).
However, information on lichen species rich-
ness on spruce is still deficient for the territory 
of Karelia. So far, lichens on spruce have been 
studied only in the Kivach Strict Nature Reserve 
and Vodlozero National Park where 92 species 
were found (Stepanova, 2004). Over the period 
2014–2017, an inventory of lichen diversity on 
spruce in these territories was continued and 
new study areas included: the Kizhi Sanctuary, 
Petrozavodsk City and the territory of Vodlinsky 
Forest.
Quantitative data of epiphytic lichen cover on 
spruce are very scattered, (Sõmermaa, 1972; 
Lõhmus & Lõhmus, 2001; Kuusinen, 1996b). 
Most often, the authors estimate only the fre-
quency of lichen species occurrence (Kruys & 
Jonsson, 1997, Holien; 1998, Marmor et al., 
2013). However, this variable could not provide 
an objective evaluation of epiphytic lichen cover, 
since the occurrence of lichen species can often 
be high while their coverage is low. Moreover, 
different scales are also used for lichen cover 
assessment (Halonen et al., 1991; Holien, 1997), 
instead of using a special framework that might 
significantly reduce subjectivity in the study.
Studies on patterns of spruce epiphytic lichen 
cover are sparse over the whole territory of Rus-
sia. Quantitative data on its main characteristics 
are still lacking. The aims of the present paper 
are: (1) to study lichen diversity of Norway 
spruce in the middle boreal forests of Republic 
of Karelia, and (2) to estimate the main charac-
teristics of epiphytic lichen cover on trunks and 
branches of spruce.
MATERIALS AND METHODS
Study area
Field studies were carried out in pine, spruce, 
mixed aspen-spruce forest communities in the 
middle boreal subzone of Republic of Karelia 
(Northwest Russia). Sample plots were located 
in the Karelian part of the Vodlozero National 
Park (62°13’N, 36°46’E; 130,600 ha), Kivach 
Strict Nature Reserve (62°17’N, 34°00’E; 10,880 
ha), Kizhi Sanctuary (62°06’N, 35°09’E; 50,000 
ha) and Petrozavodsk City (61°50’N, 34°20’E; 
13,500 ha). The location of these study areas 
was mapped and their climatic characteristics 
presented in a previous paper (Tarasova et 
al., 2017). Vodlinsky forest (62°06’N, 37°44’E; 
142,630 ha) is located in the Pudozh district, 
bordering to the north and east with Arkhan-
gelsk region, and to the west, with Vodlozero 
National Park. Forest management and clear-
cutting have been applied within this territory 
since the 1950s, and at the present time forests 
are represented by recovering secondary decidu-
ous and mixed deciduous-coniferous forests.
Data collection
Sampling design was based on permanently es-
tablished sample plots in the tree stands. A total 
of 68 sample plots of 25×30 m (40) and 100×100 
m (28) were set up in different types of spruce and 
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mixed (spruce-pine, aspen-spruce, birch-spruce) 
forests. A detailed geobotanical description of 
the studied community was performed for each 
sample plot including trees (height, age, basal 
area, crown density etc.) and the ground cover 
characteristics (shrub and herb cover, mosses 
and lichen cover) (Table 1) (Jarmishko & Ljan-
guzova, 2002). Time-since-disturbance of the 
studied forest communities was established as 
stages of succession ranging from 20 to 450 
years in drained sites and 290–350 years for 
waterlogged sites.
Lichen diversity was described in each sample 
plot on 10–20 selected spruce trees. Measure-
ments of the characteristics of epiphytic lichen 
cover on trunks were performed by using a frame 
measuring 10×20 cm positioned at the trunk 
base and breast height (1.3 m above ground 
level) on four sides (north, west, south, east).
Epiphytic lichen cover on spruce branches was 
studied in Vodlozero National Park within a 
windthrow area (~100 ha) in Vaccinium myrtillus-
type spruce forest (175 years since-disturbance). 
Epiphytic lichen linear cover was recorded using 
a measuring tape (Bruteig, 1994) from the base 
to tip on 217 living branches of 20 fallen undam-
aged spruce trees aged from 120–260 years. In 
total, 30 branches with an average length 215 
± 20 cm and average age 80 ± 20 years, were 
selected from the total investigated in order to 
Table 1. Main characteristics of studied forest communities in the middle taiga of the Republic 
of Karelia. Study areas: I – Vodlozero National Park, II – Kivach Strict Nature Reserve, III – Kizhi 
Sanctuary, IV – Petrozavodsk City, V – Vodlinsky Forest; type of forests: Spr c m – spruce forest 
Calamagrostis arundinacea–green mosses type, Spr v m – spruce forest Vaccinium myrtillus–green 
mosses type, Spr v s – spruce forest Vaccinium myrtillus–Sphagnum mosses type, Spr e s – spruce 
forest Equisetum sylvaticum–Sphagnum mosses type, Spr herb – spruce forest herb-rich type, Asp 
c – middle-aged aspen forest Vaccinium myrtillus–Calamagrostis arundinacea type, Spr-Asp v m – 
mixed aspen-spruce forest Calamagrostis arundinacea–Vaccinium myrtillus type, Pn v m – pine forest 
Vaccinium myrtillus–green mosses type; tree stand composition (% from basal area): S – spruce, 
P – pine, B – birch, As – aspen, Al – alder, Sr – rowan.
Study 
area
Number of 
sample plots
Type of forest Time-since-dis-
turbance, years
Basal area, 
m2ha-1
Tree stand Age of spruce 
trees, years
I 10 1 Spr v m 175–450 19–29 82S10P4B4As 24–270
3 2 Spr v s 247–350 21–35 86S8P3As3B 125–300
4 3 Spr e s 250–380 21–25 81S16B2P1As1Sr 109–301
1 4 Spr herb 255 20 88S5P2B5As 99–195
2 6 Spr-Asp v m 160–180 27–31 59S19B18As2P2Sr 28–143
2 7 Asp c 80–100 29–30 46As30B18S3Sr2Al 25–95
II 6 1 Spr v m 170–260 21–42 74S12B10As4P 21–211
1 2 Spr v s 256 37 72S4P24B 125–206
2 3 Spr e s 167–170 25–35 81S8As7B3P1Al 82–157
3 4 Spr herb 188–295 28–31 82S12B4P2As1Al 85–245
9 5 Spr c m 86–190 30–45 68S20B10As2P 11–170
5 6 Spr-Asp v m 160–190 34–37 49S31As12B8P 28–143
1 7 Asp c 80 39 68As30S1B1P 31–72
6 8 Pn v m 60–90 22–31 65P24S7As4B 11–149
III 2 1 Spr v m 240–260 22–28 77S13As5B5P 22–192
2 6 Spr-Asp v m 150–160 31 47S32As13P8B 42–126
2 7 Asp c 85–100 19–24 64As15B11Sr5P3S2Al 36–75
IV 1 1 Spr v m 210 28 59S22As9B9P1Sr 84–168
1 6 Spr-Asp v m 160 32 44S43As9B2P1Al1Sr 38–150
1 7 Asp c 110 25 38As32S16B10P1Sr 19–78
V 4 7 Asp c 20–59 22–36 81As13B6S 25–122
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study epiphytic lichen cover of the main branch 
axis at different distances from the tree trunk. 
Each branch was divided into 10 cm long seg-
ments in which the average cover of each species 
was determined. The total amount of classes 
(segments) was 24. Lichen cover was recorded 
as a linear distance occupied by each thallus 
according to methods described by I. Bruteig 
(1993). The cm-measures were transformed to 
percentage cover for data analysis. The percent-
age cover of lichen taxon (Ci) on main branch 
axis was calculated as a proportion of lichen 
taxon length (in cm) to branch length:
€ 
iC =100% × ijlj =1
n∑
L
where: Ci – cover of i lichen taxon, %; lij – 
length of j thallus of i lichen taxon on branch, 
cm; L – length of branch, cm.
Total lichen cover (C) on a branch was defined 
as the sum of all species covers: 
€ 
C = iC
i=1
n
∑
where: C – total lichen cover on the branch, 
%; Ci – cover of i lichen taxon, %; n – number 
of recorded lichen species.
The frequency (Fi) of lichen taxon was calculated 
according to following formula:
€ 
iF =100% × iNN
where: Fi– frequency of i lichen taxon, %; Ni 
– number of branches where the lichen has 
been recorded; N – total (217) numbers of 
investigated branches.
Proportion in total cover of a lichen taxon (Ri) 
was defined as proportion of the lichen taxon 
cover to total lichen cover:
€ 
iR =100% × iCC
where Ri – proportion in total lichen cover of i 
lichen taxon, %; Ci – cover of i lichen taxon; C 
– total lichen cover.
A total of 1995 collected lichen specimens 
were identified using standard microscopic 
techniques and spot tests. Sampled specimens 
belonging to the genus Cladonia and sterile crus-
tose lichen species were identified by standard 
thin-layer chromatography (TLC) in the Labo-
ratory of Experimental Botany of Petrozavodsk 
State University, Petrozavodsk, using solvent 
systems A, B, C and G (Orange et al., 2001). 
Specimens are deposited in the herbarium of 
Petrozavodsk State University (PZV).
Data analyses
Lichen cover on trunks of trees aged from 
107–270 years (mean = 177 years) at different 
heights (n = 6700) was compared and statisti-
cally analyzed by an analysis of variance (one-
way ANOVA, Microsoft Excel, 2007) and the 
p-value to evaluate the significance of observed 
differences (Ivanter & Korosov, 2010). Data on 
general characteristics of lichen cover on spruce 
trunks were presented for trees within the same 
age range (107–270 years). Data on studied 
forests with low time-since-disturbance (< 100 
years) and trees with age < 100 years were only 
used for an assessment of total lichen diversity 
on spruce.
For lichen cover relevés (each measuring 10×20 
cm) on studied trunk sites, the Shannon’s in-
formation diversity index (H) was calculated 
according to the following equation:
€ 
H = − iSi=1
N∑ × ilnS
where Si – share of i–species in percentage of 
total cover (relative cover); N – total species 
number on analyzed area (0.02 m2). Pielou’s 
evenness index (E) (Pielu, 1969) is a measure 
of biodiversity which quantifies how equal the 
community is numerically and is calculated 
according to:
€ 
E = H maxH = H ln N
where: H – Shannon diversity index, N – total 
species number on analyzed area (0.02 m2) 
(Magurran, 1988). Its maximum value (1) 
is registered in cases where lichen cover in 
relevés on trunk sites have equal values and 
minimum (0) is observed when species have a 
significantly different cover.
Regression analysis (Microsoft Excel, 2007) was 
performed for lichen cover measurements at dif-
ferent distance from tree trunk, on main axis of 
30 spruce branches from the lower part of the 
canopy. Some dependencies were described us-
ing one or two regression.
LIST OF SPECIES 
Taxa are arranged in alphabetical order; no-
menclature of lichens, lichenicolous and non-
lichenized fungi follows mainly Nordin et al. 
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(2011). For each species the substrates and 
locality numbers (see above) are listed.
Abbreviations and symbols: # – lichenicolous 
fungi; + – non-lichenized fungi; * – indicator spe-
cies of old-growth forests; Kol! – new species for 
the biogeographical province Karelia olonetsen-
sis, Kon! – new species for the biogeographical 
province Karelia onegensis, Kton! – new species 
for the biogeographical province Karelia transo-
negensis; KvR!, KzR!, VNP! VF! – new species for 
study areas: KvR – Kivach Strict Nature Reserve, 
KzR – Kizhi Sanctuary, Ptz – Petrozavodsk City, 
VNP – Vodlozero National Park, VF – Vodlinsky 
forest. Species included in the Red Data Book 
of the Republic of Karelia (2007) are marked 
as RK, and in the Red Data Book of the Rus-
sian Federation (2008) – RR. The types of forest 
communities are marked with the numbers 1–7 
(see Table 1).
*Acolium kArelicum (Vain.) M. Prieto & Wedin – on 
trunks. VNP: 1. RK.
*Acolium inquinAns (Sm.) A. Massal – on trunks, 
branches and snags. KvR: 3.
*AlectoriA sArmentosA (Ach.) Ach. – on trunks 
and branches. KvR, KzR, Ptz, VNP: 1–5.
Anisomeridium polypori (Ellis & Everh.) M. E. 
Barr – on trunks. KvR, KzR: 2.
ArthoniA mediellA Nyl. – on trunks. VNP: 1.
ArthoniA didymA Körb. – on trunks. Ptz: 1.
ArthoniA spAdiceA Leight. – on young trunks. 
VF: 7. VF! Kton!
*ArthoniA vinosA Leight. – on snags. VNP: 6. 
VNP! RK.
+Arthothelium scAndinAvicum Th. Fr. – on trunks 
and branches. KvR: 6, 8.
BAcidiA ArceutinA (Ach.) Rehm & Arnold – on 
branches. KvR: 6.
BAcidiA lAurocerAsi (Del. ex Duby) Vain. – on 
branches. KvR: 6.
BiAtorA AlBohyAlinA (Nyl.) Bagl. & Carestia – on 
trunks. VNP, VF: 7. VF!
BiAtorA efflorescens (Hedl.) Räsänen – on trunks 
and branches. KvR, VNP: 6, VF: 7. VF!
BiAtorA helvolA Korb ex Hellb. – on trunks, 
branches and snags. KvR, Ptz: 6–7, VF: 7. VF!
BiAtorA gloBulosA (Flörke) Fr. – on snags. KvR: 6.
BiAtorA ocelliformis (Nyl.) Arnold – on trunks, 
branches and snags. KvR: 6, 8, VF: 7. VF!
BiAtorA vernAlis (L.) Fr. – on mosses at trunk 
base. VNP: 1, 2.
BlAsteniA ferrugineA (Huds.) A. Massal – on 
trunks. Ptz: 1. 
BryoriA cApillAris (Ach.) Brodo & D. Hawksw. – 
on trunks, branches and snags. KvR, KzR, 
Ptz, VNP, VF: 1–7. VF! Conf. L. Myllys.
*BryoriA fremontii (Tuck.) Brodo & D. Hawksw. 
– on branches. VNP, KvR: 6. RK, RR. Conf. 
L. Myllys.
BryoriA furcellAtA (Fr.) Brodo & D. Hawksw. – 
on trunks, branches and snags. KvR, VNP: 
1–6, KzR: 1. Conf. L. Myllys.
BryoriA fuscescens (Gyeln.) Brodo & D. Hawksw. 
– on trunks, branches and snags. KvR: 1–6, 
KzR: 1, Ptz: 6, VNP: 1–4, 6. Conf. L. Myllys.
BryoriA nAdvornikiAnA (Gyeln.) Brodo & D. 
Hawksw. – on trunks, branches and snags. 
KvR: 1, 2, 6, 7, KzR: 1, 6, Ptz: 6–7, VNP: 1, 
6. RK. Conf. L. Myllys.
BryoriA vrAngiAnA (Gyeln.) Brodo & D. Hawksw. 
– on snags. KvR: 1, 6, KzR: 1, 6, Ptz: 6–7, 
VNP: 1, 6–7, VF: 7. VF! Conf. L. Myllys.
BuelliA Arnoldii Servít – on branch. KvR: 6.
BuelliA eruBescens Arnold – on branch. KvR: 7.
cAlicium glAucellum Ach. – on trunks, branches 
and snags. KvR: 2–3, 6, VNP: 1, 6.
cAlicium pArvum Tibell – on trunks. KvR: 1.
cAlicium viride Pers. – on trunks. KvR: 1, KzR: 
1, VNP: 1, 6–7.
cAndelAriellA xAnthostigmA (Pers. ex Ach.) Let-
tau – on snags. KvR: 5. 
cAtillAriA erysiBoides (Nyl.) Th. Fr. – on trunks. 
VF: 7. VF! Kton!
chAenothecA BrunneolA (Ach.) M ll. Agr. – on 
snags. KvR: 2–3, KzR: 1.
chAenothecA chrysocephAlA (Turner ex Ach.) Th. 
Fr. – on trunks, branches and snags. KvR: 
1–7, KzR: 1, Ptz: 6, VNP: 1–6, VF: 7. VF!
chAenothecA ferrugineA (Turner ex Sm.) Mig. – 
on trunks, branches and snags. KvR: 1–7, 
KzR: 1, 6, Ptz: 6–7, VNP: 6–7, 4.
chAenothecA furfurAceA (L.) Tibell – on upended 
roots. Ptz: 1.
chAenothecA hispidulA (Ach.) Zahlbr. – on trunk. 
KvR: 1.
*chAenothecA lAevigAtA Nádv. –on lignum. VNP: 
1.
*chAenothecA stemoneA (Ach.) Müll. Arg. – on 
trunks. VNP: 2–3. RK.
*chAenothecA suBroscidA (Eitner) Zahlbr. – on 
trunks, on lignum. KvR: 1–3, KzR: 1, VNP: 
1, 6–7, VF: 7. RK.
chAenothecA trichiAlis (Ach.) Th. Fr. – on trunks. 
KvR: 1, 6–7, KzR: 1, 6, VNP: 1, 6–7.
#chAenothecopsis consociAtA (Nàdv.) A. F. W. 
Schmidt – on thalli of Chaenotheca chryso-
cephala. KvR: 1–5, KzR: 1, VNP: 1.
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#chAenothecopsis epithAllinA Tibell – on thalli 
of Chaenotheca trichialis. KvR: 1, VNP: 1.
+chAenothecopsis nAnA Tibell – on trunk. KvR: 1.
*+chAenothecopsis fennicA (Laurila) Tibell – on 
trunks, on lignum. KzR: 5, VNP: 1, 3. 
#chAenothecopsis pusillA (A. Massal) A.F.W. 
Schmidt – on trunks. KvR: 1–3.
#chAenothecopsis sAvonicA (Räsänen) Tibell – on 
snags. VNP: 1–3.
*+chAenothecopsis viridiAlBA (Kremp.) A. F. W. 
Schmidt – on trunks. KvR: 2–3, VNP: 1. RK.
chrysothrix cAndelAris (L.) J. R. Laundon – on 
branches and snags. KvR: 1.
clAdoniA Botrytes (K. G. Hagen) Willd. – at the 
trunk base. KvR: 1, VNP: 1.
clAdoniA cenoteA (Ach.) Schaer. – at the trunk 
base. KvR: 1–7, KzR: 1, 6, Ptz: 1, 6–7, VNP: 
1–7.
clAdoniA chlorophAeA (Flörke ex Sommerf.) 
Spreng. – at the trunk base. KvR: 1, 5. The 
specimens contained fumarprotocetraric 
acid.
clAdoniA coniocrAeA (Fl rke) Sperng. – at trunk 
base, on branches. KvR: 1–7, KzR: 1, 6, Ptz: 
1, 6–7, VNP: 1–4, 6–7.
clAdoniA cornutA (L.) Hoffm. – at trunk base, 
on branches. KvR: 1, 6, KzR: 1, 6, Ptz: 1, 
6, VNP: 1, 4.
clAdoniA crispAtA (Ach.) Flot. – at trunk base. 
KvR: 1, 5, VNP: 1.
clAdoniA cyAnipes (Sommerf.) Nyl. – at trunk 
base. KvR: 1. KvR! The specimen contained 
usnic, barbatic, 4–0 dimethylbarbatic acids.
clAdoniA digitAtA (L.) Hoffm. – at trunk base. 
KvR: 1–7, KzR: 1, Ptz: 1, 6, VNP: 1–4.
clAdoniA fimBriAtA (L.) Fr. – at trunk base. KvR: 
1–7, Ptz: 1, VNP: 1 – 4, 6–7.
clAdoniA grAcilis suBsp. turBinAtA (Ach.) Ahti – at 
trunk base. KvR: 1, VNP: 1.
clAdoniA merochlorophAeA Asahina – at trunk 
base. KvR: 4. The specimens contained 
merochlorophaeic, 4-0- methylcryptochlo-
rophaeic and fumarprotocetraric acid.
clAdoniA ochrochlorA Flörke – at trunk base. 
KvR: 6.
*clAdoniA pArAsiticA (Hoffm.) Hoffm. – at trunk 
base. KvR: 2.
clAdoniA rAngiferinA (L.) Weber ex F.H. Wigg – at 
trunk base, on low branches of young trees. 
KvR: 8, VNP: 1.
clAdoniA squAmosA (Scop.) Hoffm. – at trunk 
base. KvR: 1–5, VNP: 1–4. 
cliostomum leprosum (Räsänen) Holien & Tøns-
berg – on trunk. KzR: 1. KzR!
coenogonium pineti (Ach.) Lücking & Lumbsch – 
on mosses at trunk base. KvR: 1, 6, VNP: 6.
*everniA divAricAtA (L.) Ach. – on branches. KvR: 
3, KzR: 1. RK.
everniA mesomorphA Nyl. – on branches. KvR: 
1–5, Ptz: 6, VNP: 1–4.
everniA prunAstri (L.) Ach. – on branches, rarely 
on trunks. KvR: 6, Ptz: 6, 7, VNP: 6. 
frutidellA furfurAceA (Anzi) M. Westb. & M. 
Svensson – on snags. VF: 7. VF!
fuscideA pusillA Tønsberg – on branches. KvR: 
1, 6, KzR: 1, 6, Ptz: 7, VNP: 6, VF: 7. VF! The 
specimen contains divaricatic acid.
gyAlectA truncigenA (Ach.) Hepp – on trunks. 
KvR: 1.
hypocenomyce scAlAris (Ach. ex Lilj.) M. Choisy 
– on trunks. KvR: 1.
hypogymniA physodes (L.) Nyl. – on trunks, 
branches and snags. KvR: 1–8, KzR: 1, 6 
– 7, Ptz: 1, 6 – 7, VNP: 1–4, 6–7, VF: 7. VF!
hypogymniA tuBulosA (Shaer.) Hav. – on branches 
and snags. KvR: 1–8, KzR: 1, Ptz: 1, 6–7, 
VNP: 1–4, 6–7, VF: 7. VF!
*hypogymniA vittAtA (Ach.) Parrique –  on trunks, 
branches. KzR, VNP: 1.
imshAugiA Aleurites (Ach.) S. L. F. Meyer – on 
trunks, branches. KvR: 1, 8, VNP: 1.
JApewiA suBAuriferA Muhr & Tønsberg – on 
trunks, branches and snags. KvR: 1, 5, KzR: 
4, VNP: 1. KzR!
JApewiA tornoënsis (Nyl.) Tønsberg – on trunks, 
branch and snags. KvR: 6, KzR: 1, VNP: 4.
*lecAnActis ABietinA (Ehrh. ex Ach.) Körb. – on 
trunks. KvR: 1. RK.
lecAniA cyrtellA (Ach.) Th. Fr. – on resin. KvR: 7.
lecAniA nAegelii (Hepp) Diederich & van den 
Boom – on snags. VF: 7. VF!
lecAnorA circumBoreAlis Brodo & Vitik. – on 
trunks. VNP: 1.
lecAnorA expAllens Ach. – on trunks. KzR: 7, 
VNP: 1, 6. KzR! VNP! Kton! Specimens con-
tained thiophanic, usnic acids, arthothelin 
and “expallens-unkown” substances.
lecAnorA hypoptA (Ach.) Vain. – on trunks. KzR, 
VNP: 1. KzR!
lecAnorA phAeostigmA (Körb.) Almb. – on trunks, 
branch and snags. KvR: 1–7, KzR: 1, VNP: 
1–4, 6–7, VF: 7. KzR! VNP! VF! Kton!
lecAnorA symmictA (Ach.) Ach. – on trunks, 
branches. KvR: 7–8, KzR: 6, Ptz: 6, VNP: 1, 
6, VF: 7. VF! 
lecideA AlBofuscescens Nyl. – on trunks, snags. 
VNP: 2–3, VF: 7. VF! RK.
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lecideA erythrophAeA Flörke ex Sommerf. – on 
branches. KvR: 6.
lecideA leprArioides Tønsberg – on trunks, 
branches. KvR: 1.
lecideA nylAnderi (Anzi) Th. Fr. – on trunks, 
branch and snags. KvR: 1, 5–7, KzR: 1, 6, 
VNP, VF: 7. VF! 
lecideA turgidulA Fr. – on trunks, branches 
and snags. KvR: 5–8, KzR, VNP: 1, 6, VF: 7. 
VNP! VF! Kton!
leprAriA eloBAtA Tønsberg – at trunk base. KzR: 
6. KzR! The specimen contained atranorin, 
zeorin and stictic acid complex.
leprAriA incAnA (L.) Ach. – at trunk base. KvR: 1, 
KzR: 1, Ptz: 6, VNP: 1. KzR! The specimens 
contained divaricatic acid, atranorin and 
zeorin.
leprAriA JAckii Tønsberg – at trunk base. KvR: 
1–7, KzR: 1, Ptz: 1, 6, VNP: 1–3, 7, VF: 7. 
VF! The specimens contained atranorin, roc-
cellic/angardianic, jackinic/rangiformic and 
norjackinic/norrangiformic acid.
*leptogium sAturninum (Dicks.) Nyl. – on branch-
es. KvR: 6.
*loBAriA pulmonAriA (L.) Hoffm. – on lower 
branches of young trees growing near large 
aspens with L. pulmonaria. KvR: 1, 6, VNP: 
1. RK, RR.
loxosporA elAtinA (Ach.) A. Massal – on trunks, 
branches. KvR: 1–7, KzR: 1, 6, VNP: 1–3, 6.
melAnelixiA suBAuriferA (Nyl.) O. Blanco et 
al. – on branches and snags. KvR, VNP: 6. 
VNP! RK.
melAnohAleA exAsperAtulA (Nyl.) O. Blanco et 
al. – on snags. VNP: 6.
melAnohAleA olivAceA (L.) O. Blanco et al. – on 
branches and snags. KvR: 5–7, VNP: 7.
micAreA melAenA (Nyl.) Hedl. – at trunk base. 
KvR: 1.
micAreA denigrAtA (Fr.) Hedl. – on branches and 
snags. KvR, KzR: 1, 6.
micAreA misellA (Nyl.) Hedl. – on branches and 
snags. KzR: 1, Ptz: 6.
microcAlicium Ahlneri Tibell – on trunk. VNP: 1.
*microcAlicium disseminAtum (Ach.) Vain. – on 
trunks. KvR: 1–7, KzR: 1, VNP: 1–4, 6.
mycoBlAstus Affinis (Shaer.) T.Shauer – on 
branches and snags. VNP: 1–3.
mycoBlAstus sAnguinArius (L.) Norman – on 
trunks, branches and snags. KvR: 1–8, KzR: 
1, VNP: 1–4, 5–7, VF: 7. VF!
+mycocAlicium suBtile (Pers.) Szatala – on lig-
num. KzR: 1, 6, VNP: 1.
*nephromA Bellum (Spreng.) Tuck. – on mosses 
at trunk base. KvR: 6. RK.
*nephromA pArile (Ach.) Ach. – on mosses at 
trunk base. KvR: 3–4.
*nephromA resupinAtum (L.) Ach. – on mosses at 
trunk base. KvR: 3–4, 6.
ochrolechiA AlBoflAvescens (Wulfen) Zahlbr. – 
on trunks and snags. KvR: 1–4, KzR, VNP: 1. 
The specimens contain variolaric, lichester-
inic and protolichesterinic acids.
ochrolechiA ArBoreA (Kreyer) Almb. – on trunks. 
Ptz: 1. The specimens contain lichexantho-
ne, gyrophoric and lecanoric acids.
ochrolechiA BAhusiensis H. Magn. – on trunks 
and snags. KvR, KzR: 1, VNP: 1, 5–6. The 
specimens contained gyrophoric, lecanoric 
acids and murolic acid complex.
ochrolechiA mAhluensis Räsänen – on branches. 
KvR: 1, 6, KzR: 1, VNP: 3–4. The specimens 
contained gyrophoric and lecanoric acids.
ochrolechiA microstictoides Räsänen – on 
trunks and snags. KvR: 1, 7, Ptz: 6, KzR: 1, 
VNP: 1–3, VF: 7. VF! The specimens contain 
variolaric and lichesterinic acids.
ochrolechiA pAllescens (L.) A. Massal. – on 
trunks. VNP: 1.
opegrAphA niveoAtrA (Borrer) J. R. Laundon – on 
trunks. KzR: 6.
opegrAphA vulgAtA (Ach.) Ach. – on trunks. VNP: 
1, 6. VNP! Kton!
pArmeliA sulcAtA Taylor – on trunks, on branches 
and snags. KvR: 1–8, KzR, Ptz: 1, 6–7, VNP: 
1–4, 5–7, VF: 7. VF!
pArmeliopsis AmBiguA (Wulfen) Nyl. – on trunks, 
on branches and snags. KvR: 1–8, KzR, Ptz: 
1, 6–7, VNP: 1–4, 5–7, VF: 7. VF!
pArmeliopsis hyperoptA (Ach.) Vain. – on trunks, 
on branches and snags. KvR: 1–8, KzR, Ptz: 
1, 6–7, VNP: 1–4, 5–7, VF: 7. VF!
peltigerA polydActylon (Neck.) Hoffm. – on 
mosses at trunk base. VNP: 1.
pertusAriA AlBescens (Huds.) M. Choisy & 
Werner – on trunks and branches. KzR: 1, 
VNP: 1–3. The specimens contain fatty acids.
pertusAriA AmArA (Ach.) Nyl. – on trunks, on 
branches and snags. KvR, VNP: 1–3, 6, VF: 
7. VF!
pertusAriA BoreAlis Erichsen – on trunks. KvR: 
5, 7, VNP: 6. Specimens contain the fumar-
protocetraric acid complex. KvR! Kon!
*pertusAriA coccodes (Ach.) Nyl. – on branches 
and snags. KzR: 6, VNP: 2.
pertusAriA pupillAris (Nyl.) Th. Fr. – on branches 
and snags. KvR: 1, VNP: 2.
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phlyctis ArgenA (Ach.) Flot. – on trunks and 
branches. KvR, VNP: 6, VF: 7. VF!
physciA AlnophilA (Vain.) Loht. et al. – on branch-
es. KvR: 6–7.
physciA stellAris (L.) Nyl. – on branches. VNP: 
7. VNP!
plAcynthiellA icmAleA (Ach.) Coppins & P. James 
– on trunks and branches. KzR: 1.
plAtismAtiA glAucA (L.) W. L. Culb & C. F. Culb. 
– on trunks, on branches and snags. KvR: 
1–8, KzR, Ptz: 1, 6–7, VNP: 1–4, 5–7, VF: 
7. VF!
pseudeverniA furfrurAceA (L.) Zopf. – on trunks, 
on branches and snags. KvR: 1, 6, Ptz: 6, 
VNP: 1–2.
rAmAlinA dilAcerAtA (Hoffm.) Hoffm. – on branch-
es. KvR: 6. RK.
rAmAlinA fArinAceA (L.) Ach. – on trunks and 
branches. KvR: 6, VNP: 1, 6.
*rAmAlinA thrAustA (Ach.) Nyl. – on branches. 
KvR, VNP: 1, 6. RK.
ropAlosporA viridis (Tønsberg) Tønsberg – on 
trunks and branches. KvR: 1, 6. VF: 6. VF! 
The specimens contained perlatolic acid.
rostAniA occultAtA (Bagl.) Otálora, P.M. Jørg. & 
Wedin – on branch. KvR: 6. RK.
+sAreA difformis (Fr.) Fr. – on resin. KvR: 6, 
KzR: 1, VNP: 1, 6, Ptz: 6. KvR! KzR! VNP! 
Kon! Kton!
+sAreA resinAe (Fr.: Fr.) Kuntze – on resin. KvR, 
KzR: 1, VNP: 1, 6. KvR! KzR! VNP! Kton!
scoliciosporum chlorococcum (Graewe ex 
Stenh.) Vězda – on trunks and branches. 
KvR: 1, 5, KzR: 1, 6, VNP; 1, VF: 7. VF!
strAngosporA moriformis (Ach.) Stein – on 
trunks. VF: 7. VF!
toensBergiA leucococcA (R. Sant.) Bendiksby & 
Timdal – on branches. Ptz: 6–7.
trApeliopsis flexuosA (Fr.) Coppins & P. James – 
at trunk base and snags. KzR, VNP: 1.
tuckermAnopsis chlorophyllA (Willd.) Hale – on 
trunks, on branches and snags. KvR: 1–8, 
KzR, Ptz: 1, 6–7, VNP: 1–4, 5–7, VF: 7. VF!
usneA BArBAtA (L.) Weber ex F. H. Wigg. – on 
branches. KvR: 6, KzR: 1. KvR! RK.
usneA dAsopogA (Ach.) Nyl. – on trunks, on 
branches and snags. KvR: 1–8, KzR, Ptz: 1, 
6–7, VNP: 1–4, 5–7, VF: 7. VF!
usneA glABrescens (Nyl. ex Vain.) Vain. ex 
Räsänen – on trunks, on branches and 
snags. KvR: 2, 6, KzR: 6, VNP: 1–3, 6.
usneA hirtA (L.) Weber ex F.R. Wigg. – on branch-
es and snags. KvR: 1.
usneA lApponicA Vain. – on branches and snags. 
KvR: 1, 6.
usneA suBfloridAnA Stirt. – on trunks, on 
branches and snags. KvR: 1–8, KzR, Ptz: 1, 
6–7, VNP: 1–4, 5–7, VF: 7. VF! 
violellA fucAtA (Stirt.) T. Sprib. – on trunks. KvR: 
6, VNP: 1, 6, KzR: 1, VF: 7. The specimens 
contain atranorin and fumarprotocetraric 
acid. KzR! VNP! VF! Kton!
vulpicidA pinAstri (Scop.) J.-E. Mattsson & M. 
J. Lai – on trunks, on branches and snags. 
KvR: 1–8, KzR, Ptz: 1, 6–7, VNP: 1–4, 5–7, 
VF: 7. VF!
xylogrAphA pAllens (Nyl.) Malmgren – on lignum 
and trunks. VNP: 6. VNP! Kton!
xylogrAphA vitiligo (Ach.) J. R. Laundon – on 
lignum and trunks. KvR: 6. The specimen 
contain stictic acid complex.
xylopsorA cArAdocensis (Leight. ex Nyl.) Bendiks-
by & Timdal – on snags. KzR: 1. KzR!
xylopsorA friesii (Ach.) Bendiksby & Timdal – on 
trunks. KvR: 1, 6, KzR: 1, VNP: 1, 4.
RESULTS AND DISCUSSION
Lichen diversity
Lichen diversity was analyzed on 980 spruce 
trees within 68 sample plots in 31 ha total study 
area. Recorded lichen diversity on spruce in 
southern Karelia is represented by 158 species 
(147 lichen species, 4 lichenicolous and 7 non-
lichenized saprotrophic fungi). Crustose lichens 
(90 species, 61%) contributed mainly to species 
richness. Fruticose and foliose species were rep-
resented in lower proportions, 23% (34 species) 
and 16% (23 species), respectively.
Amongst recorded lichens on spruce, Lobaria 
pulmonaria and Bryoria fremontii are included 
in the Red Data Book of Russian Federation 
(Red..., 2008). Seventeen species are regionally 
protected in Republic of Karelia (Red..., 2007): 
Acolium karelicum, Arthonia vinosa, Bryoria 
fremontii, Bryoria nadvornikiana, Chaenotheca 
stemonea, Chaenotheca subroscida, Chaeno-
thecopsis viridialba, Evernia divaricata, Lecan-
actis abietina, Lecidea albofuscescens, Lobaria 
pulmonaria, Melanelixia subaurifera, Nephroma 
bellum, Ramalina dilacerata, Ramalina thrausta, 
Rostania occultata, Usnea barbata. Two species 
are new for the biogeographical province Karelia 
onegensis and 10 – for Karelia transonegensis. 
Some lichen species were found in the studied 
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areas for the first time: in total 4 – in the Kivach 
Strict Nature Reserve, 11 – in the Kizhi Sanctu-
ary and for the entire Zaonezhsky peninsula, 
10 – in the Vodlozero National Park, 36 – in the 
Vodlinsky forestry.
The maximum number of lichen species (110) 
was found in spruce forests of the Vaccinium 
myrtillus–green mosses type, the minimum (17) 
in the pine forest, Vaccinium myrtillus–green 
mosses type with young spruce trees. However, 
in this study, it is difficult to compare mean-
ingfully the lichen species composition in these 
different forest and community types because of 
the different size and number of the study areas. 
Lichen species diversity is closely associated 
with such parameters as the size and number 
of the study area and tree number. Our data 
include 158 lichens and allied fungi recorded 
on about 1000 spruce trees within an area of 
0.31 km2. Similar number of species (152) was 
recorded in the entire Komi Republic territory, 
172,200 km2 in extent (Pystina, 2003). Holien 
(1997) found 122 lichens on 400 spruce trees 
within 1.62 km2 in Norway. The 242 lichens 
were recorded on spruce in the whole Leningrad 
region (84,500 km2) during over more than 200 
years of studies (data by D. Himelbrant, E. 
Kuznetsova & I. Stepanchikova; Stepanchikova: 
personal communication, 2017). Thus, it could 
be inferred that the regional species pool of 
lichens on spruce in Karelia lying within the 
middle boreal subzone amounts to about 200 
species.
Moreover, the number of lichen species is af-
fected not only by the size of study area and 
microhabitat diversity, but also by the time-
since-disturbance of forest communities. The 
relatively high lichen species diversity recorded 
on spruce in this study might be explained by 
the heterogeneity of conditions revealed by sam-
pling from different forest types with different 
time-since-disturbance, from spruce trees with 
different ages as well as due to investigating 
various microhabitats within individual trees. 
Various studies have reported increasing lichen 
diversity on spruce with increasing time-since-
disturbance (e.g. Hilmo, 1994; Nascimbene et 
al., 2009, 2010; Marmor et al., 2011). In forest 
communities, within a single tree species, such 
as spruce, the number of microhabitats avail-
able for epiphytic lichen colonization increases 
with increasing time-since-disturbance. These 
microhabitats comprise, for example, spruce 
trees of different ages, including old, aged over 
200 years, extended trunk base located near 
the soil, dead lower branches of large diameter, 
lignum in some sites of the trunk and branches, 
barkless branches (snags), stable bark, trunk 
sites with different angle of inclination of the 
surface, numerous microcracks, old resin, etc. 
(e.g. Holien, 1997, 1998; Hilmo et al., 2009).
In fact, spruce forests at the final stage of de-
velopment play a key role in the conservation of 
many rare species including protected lichens, 
many of which occur only in such forests and 
could be “indicators of habitat continuity”. 
Twenty two indicator species of old-growth 
boreal forests were recorded (Andersson et 
al., 2009) – Acolium karelicum, A. inquinans, 
Alectoria sarmentosa, Arthonia vinosa, Bryoria 
fremontii, Chaenotheca laevigata, C. stemonea, 
C. subroscida, Chaenothecopsis fennica, Chaeno-
thecopsis viridialba, Cladonia parasitica, Evernia 
divaricata, Hypogymnia vittata, Lecanactis abiet-
ina, Leptogium saturninum, Lobaria pulmonaria, 
Microcalicium disseminatum, Nephroma bellum, 
N. parile, N. resupinatum, Pertusaria coccodes 
and Ramalina thrausta.
Development of a complex of different micro-
habitats within a single tree determining species 
diversity is a particular characteristic of spruce. 
The species composition of lichens occurring 
in the lower part of the trunk and on branches 
varied significantly: 108 species were recorded 
on trunks, 78 on branches and 55 on snags. 
Analysis of substrate specificity of lichens within 
spruce trees established that 52% of species 
were associated only with trunks, 27% with 
branches and 18% with snags (Table 2). Thus, 
the proportion of specific species was higher on 
trunks, while for 71 (45%) lichens, no strong 
substrate preferences within spruce trees were 
registered.
Many studies have demonstrated a higher num-
ber of lichen species on spruce in boreal forests 
compared with other tree species (e.g. Koskinen, 
1955; Sõmermaa, 1972; Holien, 1997). How-
ever, for biodiversity of boreal forest, aspen is 
supposed to be a hotspot in both Eurasia and 
North America (Lundström et al., 2013). In our 
previous lichen inventory of forest communities 
in middle boreal subzone of Karelia (Tarasova 
et al., 2017), 178 species were found on aspen 
trees. The 83 lichens were common on both as-
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pen and spruce according to a comprehensive 
analysis of species composition on both trees. 
These results support the importance of spruce 
and aspen in maintaining boreal forest biodiver-
sity (e.g. Koskinen, 1955; Pystina, 2003; Pykälä 
et al., 2006). 
Species composition specificity on spruce has 
been documented by several researchers. For 
example, 26 species were found only on spruce 
in the old-growth forests of the Komi Republic 
(Pystina, 2003). Several studies have empha-
sized the characteristics of spruce lichen diver-
sity, such as predominance of crustose species 
(e.g. Hyvärinen et al., 1992; Tønsberg, 1992) as 
well as the high diversity of species belonging 
to Caliciales (e.g Holien, 1996; Kruys & Jons-
son, 1997; Lõhmus & Lõhmus, 2001), and the 
characteristically low diversity of Cladonia spe-
cies (Pystina, 2003).
Characteristics of epiphytic lichen cover 
on trunks
Assessment of epiphytic lichen cover character-
istics was carried out on 700 trunks within 40 
sample plots. Total epiphytic lichen cover on 
spruce trees averaged 59% at the trunk base 
(0–20 cm) and 12% at a height of 130–150 cm 
above ground level (Table 3). Lichen cover per-
centage differed significantly between the trunk 
base and trunk sites at a height of 130–150 cm 
(p = 0.001). These differences are also reflected 
in the frequency values of occurrence of relevés 
with lichens at the two studied heights (Fig. 1). 
A greater number of relevés with a higher lichen 
cover was recorded at the trunk base whilst at a 
height of 130–150 cm above ground level there 
were more relevés without lichens.
The mean number of species per analyzed area 
(0.02 m2) was 1.9, the minimum was 0 and 
maximum was 6. The mean number of species 
differed significantly at the two studied height 
levels (p = 0.001) reaching 3 at the trunk base 
and 1.4 at a height of 1.3 m above ground level. 
The occurrence of trunk sites without lichens 
at the base of the trunk was 2%, 30% at 1.3 m 
above ground level (Table 3). A 2-fold lower spe-
cies diversity of lichens at 1.3 m in comparison 
with the trunk base is reflected in the values 
of the Shannon’s information diversity index, 
0.37 and 0.57, respectively. Values of Pielou’s 
evenness index also differed significantly at dif-
ferent heights on the trunk: an average of 0.58 
at the trunk base, 0.68 at a height of 1.3 m 
above ground level (p = 0.001). Thus, epiphytic 
lichen cover at 1.3 m above ground level is more 
uniform than at the base of the trunk, where 
the dominance of particular species was more 
clearly observed.
The majority of total epiphytic lichen cover on 
spruce trunks was accounted for by 12 species 
exceeding 1% in cover (Table 3). Both at the 
trunk base and at 1.3 m above ground level, the 
proportion of these species accounted for 95% 
Fig. 1. Number of relevés with different values 
of lichen percentage cover at trunk base (white 
column) and at height of 130–150 cm above the 
ground level (bold column).
Table 2. Substrate preferences of lichens and allied fungi within spruce trees
Habitats
Lower part of trunks 
(0–2 m)
Branches Snags
Total number of species Number of species 108 78 55
Proportion in total species number, % 68 49 35
Specific species Number of species 56 21 10
Proportion in total species number in this habitat, % 52 27 18
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of the total lichen cover in total. Thus, lichen 
cover on spruce is mainly due to only 8% of the 
total listed species which play an important role 
in ecosystems as well as in maintenance of the 
general lichens biomass in the spruce forests of 
the middle boreal subzone.
The spruce trunk base was dominated by species 
belonging to the genera Cladonia and Lepraria 
which together accounted for about 75% of the 
total cover. The percentage cover of the species 
Hypogymnia physodes, Parmeliopsis ambigua 
and P. hyperopta at the trunk base was sig-
nificantly lower, but their occurrence was suf-
ficiently high and comparable to the dominant 
species (Table 3).
At height of 1.3 m above the ground level, the 
dominant species were H. physodes, P. ambigua 
and Chaenotheca chrysocephala (Table 3). The 
cover percentage of these dominant species 
reached 73% of the total lichen cover on spruce 
Table 3. The main characteristics of epiphytic lichen cover on trunks of Picea abies in forest com-
munities of southern Karelia
Height above the ground level, cm
0-20 130-150 0-20 130-150 0-20 130-150
Taxa Average cover, % Frequency of occurrence, % Proportion of total cover, %
Calicium viride 0.02 0.3 0.2 3.1 <0.1 3.2
Chaenotheca chrysocephala 0.1 2.1 1.9 16.8 0.4 15.7
Chaenotheca ferruginea 0.3 0.7 1.5 2.2 0.5 2.7
Chaenotheca trichialis 0.16 0.1 0.8 1.8 0.3 1.1
Cladonia cenotea 0.5 – 1.3 – 0.8 –
Cladonia coniocraea 0.3 – 0.9 – 0.5 –
Cladonia digitata 0.07 – 0.3 – <0.1 –
Cladonia fimbriata 0.02 – 0.23 – <0.1 –
Cladonia spp.* 26.3 0.2 62.0 0.8 39.2 0.7
Cladonia squamosa 0.04 – 0.4 – 0.1 –
Evernia mesomorpha <0.01 – 0.06 – <0.1 –
Hypogymnia physodes 3.4 3.3 41.1 41.2 6.3 31.6
Lepraria spp. 19.7 0.3 63.6 3.7 34.5 1.8
Loxospora elatina 0.9 0.6 5.3 6.4 2.4 3.4
Microcalicium disseminatum 0.2 1.1 1.1 5.9 0.4 6.2
Mycoblastus sanguinarius 0.02 0.02 0.7 0.6 <0.1 0.1
Ochrolechia androgyna 0.05 <0.01 2.2 0.4 0.1 0.1
Parmelia sulcata <0.01 <0.01 0.1 0.1 <0.1 <0.1
Parmeliopsis ambigua 3.2 2.2 54.4 39.0 7.4 25.9
Parmeliopsis hyperopta 1.8 0.01 36.4 0.2 4.0 0.1
Platismatia glauca 0.06 0.4 2.2 6.2 0.1 2.3
Vulpicida pinastri 0.02 – 1.4 0.1 <0.1 <0.1
Sum of Cladonia spp. 27.2 0.2 64.6 0.8 40.8 0.7
Sum of Caliciales spp. 0.8 4.9 6.2 30.2 1.8 33.2
Sum of Pertusaria spp. <0.01 <0.01 0.1 0.2 <0.1 <0.1
Sum of Usnea spp. <0.01 <0.01 0.1 0.2 <0.1 <0.1
Sum of Bryoria spp. – <0.01 – 0.2 – 0.1
Foliose species 35.4 6.1 84.5 52.2 58.0 60.7
Crustose species 21.8 5.8 70.9 39.1 39.3 38.8
Fruticose species 0.4 0.01 3.1 0.3 0.7 0.2
Total 58.9 11.9 97.9 69.4 100 100
Note. Rare taxa with a frequency of occurrence less than 1% are not included in the Table.
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trunk at breast height. Cover and frequency of 
occurrence of other lichens were much lower. 
Thus, according to the results of this study, 
foliose species play the main role in epiphytic 
lichen cover of spruce trunks at the two studied 
height levels. Moreover, despite the predomi-
nance of crustose lichens in the list of species, 
foliose species play the main role in the forma-
tion of epiphytic lichen cover (57% of total cover) 
on spruce. 
The trunk base of spruce and at 1.3 m above 
ground level represent different habitats for li-
chens due to significant differences of humidity 
and light availability. The trunk base is char-
acterized by more favorable habitat conditions 
for lichens resulting in high lichen cover values. 
However, a limitation in species lichen diversity 
relates to the competitive ability of Cladonia spe-
cies which strongly restrict colonization of other 
species at the trunk base. At 1.3 m above ground 
level on spruce trunks less favorable conditions 
for lichens result in both lower species diversity, 
as well as a lower level of competition between 
species in this habitat.
Some studies demonstrated differences between 
the values of the cover and number of lichen spe-
cies on spruce trees at different heights from the 
ground as higher values of lichen cover on the 
trunk base compared with breast height have 
been reported. In a study by Sõmermaa (1972) 
in Estonian forests, lichen cover at spruce trunk 
bases and at 1.3 m about ground level ranged 
from 21–64.5% and 9–52 %, respectively. Other 
studies reported 58% average lichen cover at 
a trunk height of 0.8 m on spruce in Estonia 
(Lõhmus & Lõhmus, 2001) and 21% in Finland 
(Kuusinen, 1996b). For Picea obovata in for-
ests of the Middle Urals, the following values 
of lichen cover at trunk base and breast height 
were obtained, 18–38% and 0–10% respectively 
(Mikhailova, 1996). The composition of domi-
nant lichen species in the middle boreal forests 
of Karelia corresponds to known data on boreal 
forests of other European territories.
Characteristics of epiphytic lichen cover 
on branches 
In total, 75 lichen species were found on Picea 
abies branches. However, only 15 species form 
the main part of lichen cover on spruce branches 
(Table 4). The total percentage of lichen cover on 
branches ranged from 0 to 100% with a mean 
value of 61%.
Table 4. Epiphytic lichen cover on main axis of Picea abies branches 
Taxa Average cover, % Frequency of occurrence, % Proportion of total cover, %
Hypogymnia physodes 46 96 75
Platismatia glauca 9 76 14
Parmeliopsis ambigua 4 48 7
Mycoblastus sanguinarius 1 25 2
Pertusaria spp. 0.6 19 0.9
Ochrolechia spp. 0.4 11 0.6
Parmelia sulcata 0.2 10 0.3
Tuckermanopsis chlorophylla 0.2 20 0.3
Hypogymnia tubulosa 0.1 8 0.2
Bryoria spp. 0.1 7 0.1
Bryoria capillaris <0.1 3 0.1
Usnea spp. 0.1 13 0.1
Alectoria sarmentosa 0.1 4 0.1
Vulpicida pinastri 0.1 5 0.1
Imshaugia aleurites 0.1 5 0.1
Foliose species 59 96 96
Crustose species 2 29 3
Fruticose species 0.2 20 0.3
Total 61 96 100
Note. Rare taxa with a frequency of occurrence less than 1% are not included in the Table.
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Foliose lichens were more abundant on spruce 
branches than fruticose and crustose species. 
Their occurrence and proportion in total lichen 
cover accounted for 96% (Table 4). Crustose and 
fruticose species on analysed branches had a 
lower frequency of occurrence (29%, 30%) and 
cover (3%, 0.3%, respectively) values (Table 4).
H. physodes was the dominant species on 
analysed branches, contributing to 75% of total 
lichen cover. All other species were represented 
by significantly lower cover values, e.g. P. glauca 
14%, P. ambigua 7% and other species < 2% 
(Table 4).
The low cover of pendulous lichens Usnea, 
Bryoria and Alectoria can be explained by their 
vertical growth and small area of attachment 
point to branches. Therefore, cover of these spe-
cies on main axis tended to be low. The number 
of lichen species per branch varied from 0 to 10 
with an average number of 3.5 species.
A high diversity of lichens on branches is char-
acteristic of spruce species richness. More than 
half of the total species recorded was found 
on branches, including 21 which occur only 
here. Ecological studies of lichens on spruce 
branches, with an emphasis on lichen distribu-
tion and succession in relation to measurable 
environmental variables using quantitative 
methods, have only been carried out by Bruteig 
(1994) and Hilmo (1994). Differences in lichen 
distribution on trunk and branches of trees 
have mostly been interpreted to be a result of 
different microclimatic conditions and substrate 
properties. 
Distribution of lichen species along 10 cm long 
segments of main branch axis of spruce from 
tree trunk to top was studied. The average num-
ber of species per branch 10 cm long segment 
decreased rapidly from 2.6 to 1.7 along the dis-
tance from the tree trunk to the branch tip (Fig. 
2, Table 5). Total lichen cover remained relatively 
stable with value 65% along the inner 170 cm 
on branches, followed by a rapid decrease to 0% 
near the branch tip.
There were significant differences in the cover-
age of some lichen species and in the localization 
of thalli along branches. For most species on 
branches, a decrease in cover with increasing 
distance from the trunk was recorded (P. ambi-
gua, total cover of crustose species) (Fig. 2d, 2f). 
However, cover of P. glauca started to decrease 
at a greater distance from the tree trunk (Fig. 
2e). No changes of the P. glauca cover, from 
0–130 cm from tree trunk, and only then it 
decreases. Moreover, cover of H. physodes, had 
maximum cover closer to the branch tips (Fig. 
2e). Thus, according to the obtained results, 
there is clear differentiation of microhabitats 
within the spruce branches, which is reflected 
in the distribution patterns of lichen species 
cover along the branch.
On the peripheral sections of large branches 
located in the middle and lower parts of the 
tree crowns, the habitat conditions for epiphytic 
lichens are similar to those on the young branch-
es in the upper crown. They are characterized by 
high precipitation availability, similar character-
istics of the substrate, due to the young age of 
shoots and the presence of needles. In addition, 
the edges of large branches, as well as the upper 
branches, are affected by intense mechanical 
vibrations under the influence of wind (Alekseev, 
1975; Protopopov, 1975; Galenko, 1983). Top 
branches also had the lowest lichens diversity 
with an average number of only 2 species. These 
branches were dominated by H. physodes, a 
species with high growth rate and ability to 
successfully colonize sites between needles (e.g. 
McCune, 1990, 1993; Hilmo, 1994; Esseen et al., 
1996; Hyvärinen et al., 1999). Base of branches 
represents a habitat with reduced light intensity 
and humidity, rough bark and absence of nee-
dles. From branch tip to base light intensity falls 
3 times, from 14–20% to 5–7% (compared with 
an open situation) and precipitation decreases 
from 100% to 17–40% (Protopopov, 1975). In 
habitat conditions, typical for the segments of 
large branches located inside the crown (lower 
light availability and humidity, greater thick-
ness and fracture of the bark, lack of needles), 
the growth rate and competitive ability of H. 
physodes decreased and other lichen species (P. 
glauca, P. ambigua, Mycoblastus sanguinarius, 
Pertusaria spp., Ochrolechia spp.) with different 
environmental characteristics colonized these 
branch sites. The maximum number of taxa per 
one branch was recorded at their base and in 
the middle part of older than100-year-old trees.
Thus, the trunks and branches of spruce trees 
are significantly different habitats of epiphytic 
lichens, and this is related to the development 
of the substrate, such the tree bark, its texture, 
chemical and physical properties (Hilmo, 1994; 
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Fig. 2. Average total number of species, average total lichen cover, cover of different species and 
the group of crustose lichens on 10 cm-long segments of spruce branches at different distances 
(in cm) from tree trunk. Vertical lines represent standard error of mean values. Regression lines 
are drawn according to regression equations (Table 5).
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Holien, 1997; Hilmo et al., 2009). It has been 
shown, for example, that trunks and branches 
with a smooth surface were unfavorable sub-
strate for colonization by lichens (Romagni & 
Gries, 2000).
ACKNOWLEDGEMENTS
The study was supported by the Ministry of 
Education and Science of the Russian Federa-
tion (project No 5.8740.2017/k). We would like 
to thank Roman Ignatenko, Roman Obabko & 
Oksana Denisyk (Petrozavodsk State University, 
Russia) for assistance in the fieldwork, and Irina 
Stepanchikova (Komarov Botanical Institute, 
Saint-Petersburg, Russia) for help in identifica-
tion of some sterile crustose lichens. We are 
grateful to reviewers for valuable corrections 
and recommendations, which has improved the 
quality of our work. We also would like to thank 
William Purvis for linguistic help and valuable 
improvements.
REFERENCES
Alekseev, V. A. 1975. Light regime of the forest. Lenin-
grad, Nauka. 227 pp. (In Russian).
Andersson, L., Alexeeva, N. & Kuznetsova, E. (eds). 
2009. Survey of biologically valuable forests in 
North-Western European Russia. Vol. 1. Method 
of survey and mapping. St.-Petersburg. 238 pp.
Andersson, L., Alexeeva, N. & Kuznetsova, E. (eds). 
2009. Survey of biologically valuable forests in 
North-Western European Russia. Vol. 2. Identifica-
tion manual of species to be used during survey at 
stand level. St. Petersburg. 258 pp. (In Russian).
Bäcklund, S., Jönsson, M., Strengbom, J., Frisch, A. 
& Thor, G. 2016. A pine is a pine and a spruce 
is a spruce – the effect of tree species and stand 
age on epiphytic lichen communities. PLoS ONE 
Table 5. Results of linear regression analysis for dependencies between mean values of epiphytic 
lichen cover characteristics on main axis of spruce branches at different distance from the tree 
trunk. Abbreviations: r – correlation coefficient; n – sample size (number of classes); I – regression 
coefficients of equation; M – mean values of equations coefficients; Se – standard error of regres-
sion coefficient; t – Student coefficient; *,**,*** – significance level correspondingly to a values 
0.05, 0.01, 0.001; significance level was determined for degrees of freedom n-1 – n-3 depending 
on number of estimated regression parameters.
Characteristics of epiphytic 
lichen cover
Distance from 
tree trunk, cm
Statistical estimates Significance 
levelr n I M Se t
Total number of species 1–140 –0.95 24 a –8.2×10-3 0.5×10-3 –14.2 ***
b 2.62 0.08 32.5 ***
Total lichen cover 1–190 –0.19 19 a –0.02 0.03 –0.7 –
b 69.2 3.2 22.0 ***
171–240 –0.98 7 a –1.33 0.09 –15.0 ***
b 312.0 20.0 16.0 ***
Cover of Hypogymnia physodes 1–90 –0.71 9 a –0.14 0.05 –2.7 *
b 22.5 2.8 8.1 ***
81–190 0.96 11 a 0.48 0.046 11.0 ***
b –26.7 6.2 –4.3 **
171–240 –0.98 7 a –1.2 0.1 –11.4 ***
b 276.0 21.3 13.0 ***
Cover of Parmeliopsis ambigua 1–240 –0.93 24 a –0.14 0.01 –12.0 ***
b 27.2 1.6 17.0 ***
Cover of Platismatia glauca 1–130 0.27 13 a 0.02 0.02 1.0 –
b 14.7 1.8 8.0 ***
111–240 –0.88 13 a –0.15 0.02 –6.3 ***
b 34.2 4.5 8.1 ***
Cover of crustose species 1–240 –0.92 24 a –0.07 0.006 –11.0 ***
b 14.2 0.8 17.0 ***
148 Folia Cryptog. Estonica
11(1): e0147004. https://doi:10.1371/journal. 
pone.0147004
Barkman, J. J. 1958. Phytosociology and Ecology of 
Cryptogamic Epiphytes. Assen, Netherlands van 
Gorcum Co N.Y. 628 pp.
Bruteig, I. E. 1993. Large-scale survey of the distri-
bution and ecology of common epiphytic lichens 
on Pinus sylvestris in Norway. Annales Botanici 
Fennici 30(3): 161–179.
Bruteig, I. E. 1994. Epiphytic lichens on Picea abies 
branches in two coniferous forests in Norway with 
different pollution loads. Publications in Botany 
from the University of Trondheim. 65 pp.
Dyrenkov, S. A. 1984. Structure and dynamics of boreal 
spruce forests. Leningrad. 176 pp. (In Russian).
Ellis, C. J. 2012. Lichen epiphyte diversity: A species, 
community and trait-based review. Perspectives in 
Plant Ecology, Evolution and Systematics 14: 131–
152. https://doi.org/10.1016/j.ppees.2011.10.001
Esseen, P.-A., Renhorn, K.-E. & Pettersson, R. B. 
1996. Epiphytic lichen biomass in manage and 
old growth boreal forests: effect of branch quality. 
Ecological Applications 6: 228–238. https://doi.
org/10.2307/2269566
Galenko, E. P.1983. Phytoclimate and energy factors of 
productivity of coniferous forests in the European 
North. Leningrad, Nauka. 128 pp. (In Russian).
Gorbatenko, V. M. 1987. Transformation of water bal-
ance elements by dark coniferous forests. In: Envi-
ronmental regulation role of the forests of the Lake 
Baikal. Novosibirsk. Pp. 136–161. (In Russian).
Gorshkov, V. V., Stepanova, V. I. & Tarasova, V. N. 
2002. Epiphytic lichen cover of Picea abies (L.) 
Karst. branches (southern Karelia). Rastitel’nye 
Resursy 38(4): 1–14. (In Russian, with English 
abstract).
Gromtsev, A. N. 2008. Fundamentals of landscape 
ecology of European taiga forests of Russia. Petro-
zavodsk, Karelian Research Center RAS. 238 pp. 
(In Russian).
Halonen, P., Hyvärinen, M. & Kauppi, M. 1991. The 
epiphytic lichen flora on conifers in relation 
to climate in the Finnish middle boreal sub-
zone. Lichenologist 23(1): 61–72. https://doi.
org/10.1017/S0024282991000117
Hilmo, O. 1994. Distribution and succession of epi-
phytic lichens on Picea abies branches in a boreal 
forest, central Norway. Lichenologist 26: 149–169. 
https://doi.org/10.1006/lich.1994.1013
Hilmo, O., Holien, H., Hytteborn, H., & Ely-Aalstrup, 
H. 2009. Richness of epiphytic lichens in differ-
ently aged Picea abies plantations situated in 
the oceanic region of Central Norway. Lichenolo-
gist 41(1): 97–108. https://doi.org/10.1017/
S0024282909007865
Holien, H. 1996. Influence of site and stand factors 
on the distribution of crustose lichens of the Cali-
ciales in a suboceanic spruce forest area in central 
Norway. Lichenologist 24(4): 315–330. https://
doi.org/10.1006/lich.1996.0029
Holien, H. 1997. The lichen flora on Picea abies in a 
suboceanic spruce forest area in Central Norway 
with emphasis on the relationship to site and 
stand parameters. Nordic Journal of Botany 17: 
55–76. https://doi.org/10.1111/j.1756-1051.1997.
tb00290.x
Hyvärinen, M., Halonen, P. & Kauppi, M. 1992. Influ-
ence of stand age and structure on the epiphytic 
lichen vegetation in the middle-boreal forests of 
Finland. Lichenologist 24(2): 165–180.
Hyvärinen, M., Halonen, P. & Kauppi, M. 1999. Habitat 
type and primary colonisation of annual shoots 
of conifer saplings by epiphytic lichens. Nordic 
Journal of Botany 19(4): 505–511. https://doi.
org/10.1111/j.1756-1051.1999.tb01234.x
Ivanter, E. V & Korosov, A. V. 2010. Elementary biomet-
rics. Petrozavodsk, Petrozavodsk State University. 
104 pp. (In Russian).
Jarmishko, V. T. & Ljanguzova, I. V. (eds). 2002. 
Methods of studying of forest communities. Saint-
Petersburg. 240 pp. (In Russian).
Johansson, P. & Gustafsson, L. 2001. Red-listed and 
indicator lichens in woodland key habitats and 
production forests in Sweden. Canadian Journal 
of Forest Research 31(9): 1617–1628. https://doi.
org/10.1139/x01-091
Kazimirov, N. I. 1971. Spruce forests of Karelia. Lenin-
grad. 139 pp. (In Russian).
Kittredge, D. 1951. Influence of forest on climate, soils 
and water regime. Moscow. 456 pp. (In Russian).
Koskinen, A. 1955. Über die Kryptogamen der Bäume, 
besonders die Flechten, im Gewässergebiet des 
Päijänne sowie an den Flüssen Kalajoki, Lesti-
joki und Pyhäjoki. Floristische, soziologische und 
ökologische Studie I. Helsinki. 176 pp.
Kruys, N. & Jonsson, B-G. 1997. Insular patterns 
of calicioid lichens in boreal; old-growth forest-
wetland mosaic. Ecography 20: 605–613. https://
doi.org/10.1111/j.1600-0587.1997.tb00429.x
Kuusinen, M. 1996a. Importance of spruce swamp-
forests for epiphyte diversity and flora on 
Picea abies in southern and middle boreal 
Finland. Ecography 19: 41–51. https://doi.
org/10.1111/j.1600-0587.1996.tb00153.x
Kuusinen, M. 1996b. Epiphyte flora and diversity on 
basal trunks of six old-growth forest tree species 
in southern and middle boreal Finland. Lichenolo-
gist 28(5): 443–463. https://doi.org/10.1006/
lich.1996.0043
Kuusinen, M. & Siitonen, J. 1998. Epiphytic lichen 
diversity in old-growth and managed Picea 
abies stands in southern Finland. Journal of 
Vegetation Science 9: 283–292. https://doi.
org/10.2307/3237127
Lie, M. H., Arup, U., Grytnes, J. A. & Ohlson, M. 
2009. The importance of host tree age, size and 
growth rate as determinants of epiphytic lichen 
diversity in boreal spruce forests. Biodiversity 
and Conservation 18(13): 3579–3596. https://
doi.org/10.1007/s10531-009-9661-z
149
Lõhmus, P. & Lõhmus, A. 2001. Snags, and their 
lichen flora in old Estonian peatland forests. An-
nales Botanici Fennici 38: 265–280.
Lundström, J., Jonsson, F., Perhans, K. & Gustafs-
son, L. 2013. Lichen species richness on retained 
aspens increases with time since clear-cutting. 
Forest Ecology and Management 293: 49–56. 
https://doi.org/10.1016/j.foreco.2012.12.027
Magurran, E. 1988. Ecological Diversity and Its 
Measurement. Princeton, Princeton University 
Press. 192 pp.
Marmor, L., Tõrra, T., Saag L. & Randlane, T. 2011. Ef-
fects of forest continuity and tree age on epiphytic 
lichen biota in coniferous forests in Estonia. Eco-
logical Indicators 11(5): 1270–1276. https://doi.
org/10.1016/j.ecolind.2011.01.009
Marmor, L., Tõrra, T., Saag, L., Leppik, E. & Rand-
lane, T. 2013. Lichens on Picea abies and Pinus 
sylvestris – from tree bottom to the top. Lichenolo-
gist 45(1): 51–63. https://doi.org/10.1017/
S0024282912000564
McCune, B. 1990. Rapid estimation of abundance of 
epiphytes on branches. Bryologist 93(1): 39–43. 
https://doi.org/10.2307/3243546
McCune, B. 1993. Gradients in epiphyte biomass in 
three Pseudotsuga-Tsuga forest of different ages 
in western Oregon and Washington. Bryologist 
96: 405–411. https://doi.org/10.2307/3243870
Mikhailova, I. N. 1996. Epiphytic lichen sinusia in the 
Middle Urals in conditions of aerotechnical contami-
nation. Dissertation thesis of candidate of biologi-
cal sciences. Ekaterinburg. 25 pp. (In Russian).
Nascimbene, L., Marini, L., Motta, R. & Nimis, P. L. 
2009. Influence of tree age, tree size and crown 
structure on lichen communities in mature al-
pine spruce forests. Biodiversity and Conserva-
tion 18(6): 1509–1522. https://doi.org/10.1007/
s10531-008-9537-7
Nascimbene, J., Marini, L. & Nimis, P. L. 2010. Epi-
phytic lichen diversity in old-growth and managed 
Picea abies stands in Alpine spruce forests. Forest 
Ecology and Management 260: 603–609. https://
doi.org/10.1016/j.foreco.2010.05.016
Nikonov, V. V. & Lukina, N. V. 2000. Effect of spruce 
and pine on the acidity and composition of atmos-
pheric deposition in the north-taiga forests of the 
industrial-developed region. Ecology 2: 97–105. 
(In Russian).
Nikonov, V. V, Lukina, N. V, Smirnova, E. V. & Isaeva, 
L. G. 2002. Effect of Picea obovata and Pinus syl-
vestris on the primary productivity of the lower 
tiers of coniferous forests of the Kola Peninsula. 
Botanical Journal 8: 107–118. (In Russian).
Nordén B. & Appelqvist T. 2001. Conceptual problems 
of ecological continuity and its bioindicators. Bio-
diversity and Conservation 10: 779–791. https://
doi.org/10.1023/A:1016675103935
Nordin, A., Moberg, R., Tønsberg, T., Vitikainen, O., 
Dalsätt, Å., Myrdal, M., Snitting, D. & Ekman, 
S. 2011. Santesson’s Checklist of Fennoscandian 
Lichen-forming and Lichenicolous Fungi. Ver. April 
29, 2011 – http://130.238.83.220/santesson/ 
home.php (25 March 2018).
Ódor, P., Király, I., Tinya, F., Bortignon, F. & Nascim-
bene, J. 2013. Patterns and drivers of species 
composition of epiphytic bryophytes and lichens 
in managed temperate forests. Forest Ecology 
and Management 306: 256–265. https://doi.
org/10.1016/j.foreco.2013.07.001
Orange, A., James, P. W. & White, F. J. 2001. Micro-
chemical methods for the identification of lichens. 
London. 101 pp.
Pielu, E. U. 1969. An introduction to mathematical 
ecology. Wiley, New York.
Protopopov, V. V. 1975. Role of dark coniferous forests 
in the environment formation. Novosibirsk, Nauka. 
328 pp. (In Russian).
Pykälä, J., Heikkinen, R. K., Toivonen, H. & Jääskel-
äinen, K. 2006. Importance of forest act habitats 
for epiphytic lichens in Finnish managed forests. 
Forest Ecology and Management 223(1–3): 84–92. 
https://doi.org/10.1016/j.foreco.2005.10.059
Pystina, T. N. 2003. Lichens of boreal forests of the Eu-
ropean North-East (southern and middle subzones 
of taiga). Ekaterinburg. 239 pp. (In Russian).
Red Data Book of Karelian Republic. 2007. Petroza-
vodsk. 368 pp. (In Russian).
Red Data Book of Russian Federation (plants and 
fungi). 2008. Moscow. 885 pp. (In Russian).
Romagni, J. & Gries, C. 2000. Post-fire recoloniza-
tion of dominant epiphytic lichen species on 
Quercus hypoleucoides (Fagaceae). American 
Journal of Botany 87: 1815–1820. https://doi.
org/10.2307/2656834
Sõmermaa, A.-L. 1972. Ecology of epiphytic lichens in 
main Estonian forest types. Tartu. 117 pp.
Stepanova, V. I. 2004. Epiphytic lichen cover of Norway 
spruce (Picea abies (L.) Karst.) in spruce forests of 
southern Karelia. Dissertation thesis of candidate 
of biological sciences. Saint-Petersburg. 28 pp. 
(In Russian).
Stepanova, V. I., Tarasova, V. N. & Gorshkov, V. V. 
2001. Acidity of the bark of Picea abies L. (Karst.) 
as indicator of the degree of the substrate mois-
tening of epiphytic lichens in spruce forests of 
southern Karelia. In: Proceedings of the First 
Russian Lichenogical School and the International 
symposium of young lichenologists, August 6–12 
Apatity. Petrozavodsk. Pp. 192–207. (In Russian).
Tarasova, V. N., Obabko, R. P., Himelbrant, D. E., 
Boychuk, M. A., Stepanchikova, I. S. & Borovi-
chev E. A. 2017. Diversity and distribution of 
epiphytic lichens and bryophytes on aspen 
(Populus tremula) in the middle boreal forests 
of Karelia Republic (Russia). Folia Cryptogamica 
Estonica 54: 125–141. https://doi.org/10.12697/
fce.2017.54.16
Tønsberg, T. 1992. The sorediate and isidiate, corti-
colous, crustose lichen in Norway. Sommerfeltia 
14: 1–331.
Volkov, A. D. 2008. Forest types of Karelia. Petroza-
vodsk. 180 pp. (In Russian).
150 Folia Cryptog. Estonica
